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ABSTRACT 
The first phylogenetic and phylogeographic studies of the cosmopolitan deep-sea species, Asteronyx 
loveni Müller and Troschel, 1842, were conducted, based on specimens collected from off the 
Pacific coast of Japan. Partial sequences of mitochondrial 16S (68 specimens) and COI (24 
specimens) genes were analyzed. Phylogenetic trees and network analyses revealed three lineages 
and five sub-lineages of A. loveni. Genetic distance and AMOVA (analysis of molecular variance) 
analyses suggested that the lineages should be considered three cryptic species. Skin on the aboral 
disc is partly thickened and forms a mesh-like pattern, which has never been reported in previous 
descriptions of Asteronyx; this is provided as a new taxonomic character. Based on absence/presence 
of mesh-like skin, one of the three lineages was assigned to A. loveni and another was described as 
Asteronyx reticulata new species. This new species can be distinguished from congeners by having 
reticulated external ossicles and small genital slits at the innermost position on the interradial oral 
disc. 
 
Keywords: 
Northwestern Pacific 
Phylogeography 
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Asteronychidae 
Asteronyx reticulata 
 
1. Introduction 
The genus Asteronyx (Euryophiurida: Euryalida: Asteronychidae) was erected by Müller 
and Troschel (1842) and currently comprises five extant species, A. loveni Müller and Troschel, 1842, 
A. lymani Verrill, 1899, A. longifissus Döderlein, 1927, A. luzonicus Döderlein, 1927, and A. niger 
Djakonov, 1954. Asteronyx loveni has a world-wide distribution on continental slopes except in both 
polar regions, and its bathymetric range is mainly 200 to 2000 m (e.g. Paterson, 1985). Exceptions to 
this include a few shallow, 15 m (Stewart, 1861), and deep, 4721 m (Paterson, 1985), records. 
Asteronyx loveni is morphologically defined by the following features: smooth, thick skin, 
sometimes including scattered external ossicles; genital slits situated at the innermost position of the 
interradial oral disc; two long and enlarged arms with extraordinarily long innermost arm spines 
(Döderlein, 1927; Fujita and Ohta, 1988; Okanishi et al., 2017). It sometimes occurs in dense 
populations on the bathyal sea floor, perched on gorgonians (Radicipes spp.) and pennatulids 
(Funiculina quadranqularis (Pallas, 1766) and Anthoptilum sp.) (Fujita and Ohta, 1988). Asteronyx 
loveni has been recorded globally in approximately 120 publications, but no geographic 
morphological variations or subspecies have been described. Therefore, it is currently believed that 
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A. loveni is a cosmopolitan species. In Japanese waters, A. loveni is the only recorded species of 
Asteronyx. 
Many molecular phylogeographic studies of ophiuroids have focused on coastal species 
(Muths et al., 2006, 2009, 2010; Boissin et al., 2008, 2011, 2015; Pérez-Portela et al., 2013; 
Naughton et al., 2014; Richards et al., 2015; Sands et al., 2015; Taboada and Pérez-Portela, 2016), 
while only nine bathyal species have been studied in three papers: Astrotoma agassizii Lyman, 1875 
(Hunter and Halanych, 2008), Asteroschema clavigerum Verrill, 1894, Ophiocreas oedipus Lyman, 
1879, Ophioplinthaca abyssalis Chebonnier and Sibuet, 1972, and Ophioplinthaca chelys (C. W. 
Thomson, 1878) (Cho and Shank, 2010), Ophiactis abyssicola (Sars, 1861), Ophiomyxa vivipara 
Studer, 1876, Ophiothrix aristulata Lyman, 1879, and Ophiura ooplax (H. L. Clark, 1911) (O’Hara 
et al., 2016). Molecular phylogeography of these bathyal species based on mitochondrial 16S, COI 
and COII genes detected genetic differentiation between populations within each species, suggesting 
the presence of some cryptic species. No taxonomic descriptions were, however, provided for these 
populations due to lack of external morphological differences, and detailed morphological 
observations are required to recognize cryptic species (e.g. Hunter and Halanych, 2008). 
The larval stage of marine benthic organisms is highly related to their dispersal ability. 
Both planktonic and non-planktonic larvae have been noted for some species of ophiuroids but 
larvae of A. loveni have never been recorded. Instead, considering their relatively large oocyte size 
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(max. of 0.8 mm diameter), A. loveni was suggested to have direct development, non-planktonic 
larvae (Hendler, 1991) and is assumed to have low dispersal ability. In conjunction with the arboreal 
habit of adult individuals on their hosts (Fujita and Ohta, 1988), local populations are expected to be 
genetically separated and the existence of cryptic species have been suggested (e.g. Azuma and 
Chiba, 2016). 
In the present study, we investigated the populations of Asteronyx loveni in Japanese 
waters. We detected two cryptic species in A. loveni through a molecular phylogeny based on 
mitochondrial 16S and COI genes, and our detailed morphological observation has revealed a 
character with which to distinguish the cryptic species from A. loveni. We describe one of the two 
species as a new species. 
 
2. Material and methods 
 
2.1. Sample collections 
 The specimens used in this study were collected from sampling areas in almost all 
Japanese oceans except the Sea of Japan (Fig. 1). All specimens could be identified as Asteronyx 
loveni according to previous diagnoses of species of Asteronyx (Döderlein, 1927; Djakonov, 1954). 
We divided the six sampling areas as follows: Okhotsk Sea, northern Japan (OK: 18 specimens); off 
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Tohoku, Northeastern Pacific Area of Japan (PT: 13 specimens); off Mie Prefecture, Central Pacific 
Area of Japan (PM: 4 specimens); off Kochi Prefecture, Central Pacific Area of Japan (PK: 1 
specimen); southern Tanegashima Island, Southwestern Pacific Area of Japan (PSW: 1 specimen); 
East China Sea, Western Japan (ECS: 31 specimens). Specimens were collected during the cruises of 
the Japan Fisheries Research and Education Agency (R/V Wakataka-Maru and R/V Soyo-Maru), the 
Japan Agency for Marine-Earth Science and Technology (R/V Tansei-Maru and R/V Hakuho-Maru), 
and of the Nagasaki University (T/S Nagasaki-Maru), by using benthos net, beam trawl or dredge; or 
as bycatch on fishing lines of fishery boats Mantai-Maru and Kohfuku-Maru. Collected samples 
were immersed in 70–99% ethanol, or fixed in 10% formalin. Voucher specimens were deposited at 
the National Museum of Nature and Science, Tsukuba with registered numbers (prefixed as NSMT) 
shown in Table 1. The terms used to describe brittle stars follow Martynov (2010), Stöhr et al. 
(2012) and Okanishi and Fujita (2014), and higher classification follows O’Hara, et al. (2017). 
 
2.2. DNA extraction, PCR amplification and DNA sequencing 
 
Genomic DNA was extracted using DNeasy Blood and Tissue extraction kit (Qiagen) 
according to the manufacturer’s protocol. We sequenced mitochondrial 16S rRNA and COI genes for 
phylogenetic analysis. The method of DNA extraction and PCR parameters followed Okanishi and 
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Fujita (2013). Primer sets of 16Sar (5’-CGCCTGTTTATCAAAAACAT-3’) and16Sbr 
(5’-CCGGTCTGAACTCAGATCACGT-3’) (Palumbi, 1996) was used for PCR of 16S rRNA, and 
COI030 (5’-GAACAGGAAAGCAACAACCHTTYG-3’) and COI031 
(5’-CGAAAMCWBTKGTTTTMDTTAAACTAAC-3’) (Okanishi and Fujita, 2013) was used for 
PCR of COI. The optimum cycling parameters for those 16S primers consisted of an initial 
denaturation step of 94℃/2 min followed by 41 cycles of 94℃/30 s, 46℃/40 s and 72℃/90 s with 
final extension step at 72℃/10 min was followed by storage at 4℃ and for COI primers consisted of 
an initial denaturation step of 94℃/2 min followed by 41 cycles of 94℃/30 s, 48℃/90 s and 72℃/60 
s with final extension step at 72℃/10 min was followed by storage at 4℃. The PCR products were 
separated from excess primers and oligonucleotides using Exo-SAP-IT (GE Healthcare) by 
following manufacture’s protocol. All samples were sequenced bidirectionally and sequence 
products were run on a 3730xI DNA Analyzer (Thermo Fisher Scientific). The accession numbers of 
DNA Data Bank of Japan (DDBJ) are shown in Table 1. 
 
2.3. Molecular phylogenetic analysis 
 
2.3.1. Phylogenetic tree and haplotype network reconstruction 
We analyzed the sequences of the 68 specimens of Asteronyx for 16S and 24 specimens of 
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Asteronyx for COI, with the sequence data of Astrodia abyssicola (Lyman, 1879) by Okanishi and 
Fujita (2013). This species is used as an outgroup because Astrodia Verrill, 1899 is the most 
morphologically related genus to Asteronyx in Asteronychidae (e.g. Fell, 1960). 
All sequences were aligned using the Clustal W algorithm in MEGA7 (Thompson et al., 
1994; Kumar et al., 2016). All missing sequences were scored as gaps. The Tamura 93 model (T92; 
Tamura, 1992) and the Tamura and Nei model (Tamura and Nei, 1993) assumed to be a gamma 
distribution approximated by discrete categories (Γ; Yang, 1994) were selected as the best-fit model 
of nucleotide substitution with 16S rRNA and COI genes, respectively by the “Find best fit models” 
option of MEGA7. Seaview ver. 4.3.0 (Gouy et al., 2010) was used in concatenating sequences of 
two gene sequences. Tree View for Win 16 (Page, 1996) was used in exploring tree files and in 
preparing files in NEWICK format, and exploring alternative tree topologies. The phylogenetic tree 
was constructed with MrBayes ver. 3.1.2 (Ronquist and Huelsenbeck, 2003) for Bayesian analysis to 
obtain Bayesian posterior probabilities (BPP) and RAxML ver. 8.1.20 (Stamatakis, 2014) for 
maximum likelihood analysis (ML) to obtain bootstrap support values. The two gene sequences were 
placed in separate partitions. We set parameters in MrBayes as follows; six substitution types (nst = 
6; T93 and TN92) for 16S rRNA and COI were employed; rate variation across sites was modeled 
using a gamma distribution (rate = gamma) for 16S rRNA and COI the shape, proportion of 
invariable sites, state frequency, and substitution rate parameters were estimated for each partition 
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separately. The Markov-Chain Monte-Carlo (MCMC) process was run with four chains for 
3,000,000 generations, with trees being sampled every 100 generations and the first 7,500 trees were 
discarded as burnin. Data sets were partitioned by gene region for the maximum likelihood analysis 
to allow for separate optimization of per-site substitution rates. The best-supported likelihood tree 
was found by performing 1000 replications. Nodes in the phylogenetic trees were considered as 
supported if BPP values were larger than 0.98 and bootstrap values larger than 80%. BPP values 
lower than 0.95 and bootstraps lower than 75% for each node were considered as not significant (Fig. 
2). Median-joining networks for each 16S and COI dataset were examined using NETWORK 5.0.0.1. 
The haplotype data format (.hap and .arp) for NETWORK were prepared by using DnaSP 5.10. 
 
2.3.2. Genetic distances 
Genetic distances were computed using MEGA7 according to the Kimura 2-parameter 
model (Kimura, 1980) to compare the evolutionary rate of each gene. Overall genetic distances, 
between and among lineages evident on the reconstructed phylogenetic tree were computed. 
Standard error of each group was found by performing 100 bootstrap replications. 
 
2.3.3. Gene flows 
Detecting the gene flows between and among the lineages were conducted by hierarchical 
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analyses of molecular variance (AMOVA) using genetic distances in ARLEQUIN 3.5.2.2. The 
grouping of haplotypes and preparing datasets (.hap and .arp) were conducted by using DnaSP 5.10. 
The corresponding p-values were evaluated by 1,023 permutations. 
 
2.4. Morphological observations 
The external features of the holotype of the new species (NSMT E-6923-A) were observed 
and photographed with a digital microscope Keyence VHX 1000 at Osaka City University. Ossicles 
of a paratype (NSMT E-6920) were isolated by immersion in domestic bleach (approximately 5% 
sodium hypochlorite solution), washed in deionized water, dried in air, and mounted on SEM stubs 
using double-sided conductive tape. The preparations were examined with a SEM Keyence VE-8800 
at The University of Tokyo without coating. 
 
3. Results 
 
3.1. Molecular phylogeny and species delimitation 
 
3.1.1. Phylogenetic tree and haplotype network reconstructions 
After removal of ambiguous aligned sites, 434 bp of 16S, 653 bp of COI were obtained, 
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and both 16S and COI genes were successfully sequenced for 24 specimens. The ML tree of 
concatenated sequence is shown in Fig. 2. The Bayesian tree also showed the same topology. In both 
Bayesian and ML analyses, two main linages were detected (Fig. 2, Lineage 1, bootstrap 100%, BPP 
1.00; Lineage 2, bootstrap 82%, BPP 1.00). A single specimen from southern Tanegashima Island 
(237_PSW) did not form a clade with any other specimens and we named this Lineage 3. 
Two sublineages (Lin 1A, bootstrap 97%, BPP 1.00; Lin1B, bootstrap 100%, BPP 1.00) 
and three sublineages (Lin 2A, single specimen; Lin 2B and Lin 2C, bootstrap 100%, BPP 1.00) 
were detected within the Lineages 1 and 2, respectively. The Bayesian and ML trees based on a COI 
gene tree (24 specimens) showed the same topology as the concatenated tree (Fig. 3). Topology of 
Bayesian and ML trees based on the 16S (68 specimens) was different from that of 16S + COI and 
COI gene trees. In the 16S trees, Lineage 1 and 3 were also recovered but the three sublineages of 
Lineage 2 appeared to be paraphyletic (Fig. 4A). 
In the concatenated gene tree (24 specimens, Fig, 2) and COI gene tree (24 specimens, Fig. 
3), Lin 1B and Lineage 2 consisted of specimens only from the East China Sea (ECS), and Lin 1A 
consisted of specimens from the Okhotsk Sea (OK), off Pacific coast of Tohoku (PT), off Pacific 
coast of Mie (PM). The 16S tree showed a different composition (68 specimens, Fig. 4A), Lin 1B 
consisted of specimens not only from the East China Sea but included a specimen from off Mie 
(199_PM). Lin 1A consisted of the Okhotsk Sea, off Mie, and off Kochi (PK) (Fig. 4A). Lin 2A, Lin 
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2B and Lin 2C consisted of specimens only from the East China Sea in all trees (Table 1; Figs. 2–4). 
Regarding all 68 examined specimens in this study, no bathymetric difference was detected between 
Lin 1B (648–852 m; 3 specimens) and Lin 1A (216–1737 m; 36 specimens). However, bathymetric 
difference was observed in Lin 2A (1150 m, 1 specimen), Lin 2B (619–912 m, 14 specimens) and 
Lin 2C (339–616 m, 13 specimens) although only one specimen was included in Lin 2A., with no 
overlap between these three sub-lineages (Fig. 4B, Table 1). 
In total, 14 and 11 haplotypes were detected for 16S and COI genes, respectively. In COI 
gene network, Lin 1A consisted of haplotypes from various localities as mentioned above, whereas 
those of Lin 1B and Lineage 2 includes only haplotypes from East China Sea (Fig. 5). In the 16S 
gene network, Lin 1B consisted of East China Sea and off Mie (Fig. 5). Lin 1A consisted of the 
Okhotsk Sea, off Mie and off Kochi (Fig. 5). Congruent with the genetic distances analysis 
mentioned below, the haplotype networks also showed that each of the main lineages and 
sublineages were moderately separated (Fig. 5), indicating the existence of potential cryptic 
(sub)species in Japanese Asteronyx loveni. 
 
3.1.2. Genetic distances 
Overall averages of genetic distances of 16S rRNA (68 specimens) and COI (24 
specimens) genes among specimens were 3.5% and 7.3%, respectively. 
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In 16S sequences, mean genetic distances within the two main lineages were 1.1% in 
Lineage 1 (39 specimens) and 1.6% in Lineage 2 (28 specimens). Those between the two main 
lineages were 5.3%. Those within the four sublineages were 0% in Lin 1B (3 specimens) and Lin 2B 
(14 specimens), 0.5% in Lin 1A (36 specimens), and 0.2% in Lin 2C (13 specimens), respectively. 
Those between the sublineages in each mainlineage were 5.0% in Lin 1B and 1A and 3.1% in Lin 2B 
and 2C. Intra-mainlineage genetic distances (1.1–1.6%) were at least three-fold smaller than 
inter-mainlineage distances (5.3%), and intra-sublineage genetic distances (0–0.5%) were at least 
six-fold lower than inter-sublineage distances (3.1–5.0%). The inter-mainlineage (5.3%) and 
maximum value of inter-sublineage values (between Lin 1A and Lin 1B; 5.0±0.9% SE) overlapped 
which indicates that the difference was not significant (Table 2). 
In COI sequences, mean genetic distances within the main lineages were 2.2% in Lineage 
1 and 4.7% in Lineage 2. Genetic distance between Lineage 1 and 2 was 10.5%. Those within the 
sublineages were 0.1% in Lin 1B (2 specimens), 0.2% in Lin 1A (13 specimens), 0.07% in Lin 2B (4 
specimens) and 1.4% in Lin2C (3 specimens), respectively. Those between the four sublineages were 
6.8% between Lin 2B and 2C, and 5.6% between Lin 1A and 1A. Intra-mainlineage genetic 
distances (2.2–4.7%) were at least two-fold smaller than inter-mainlineage distance (10.6%), and 
intra-sublineages (0.07–1.4%) were at least four-fold smaller than inter-sublineage distances 
(5.6–6.8%). The inter-mainlineage value (10.6%) was ca. two-fold larger than inter-sublineages 
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values (5.6–6.8%; Table 2). 
 
3.1.3. Gene flows 
In both analyses of 16S and COI regions, AMOVA results showed significant differences 
in the genetic structure between the three main lineages (Table 3, P > 0.05). In contrast, no 
significant differences were detected between sublineages within each mainlineage (Table 3, P < 
0.001). These results indicate that we can not rule out gene flows among or within sublineages, 
whereas there appear to be no gene flows between main lineages. 
 
3.2. Systematics 
 
Our molecular phylogenetic analysis suggested that the three mainlineages should be 
assigned to three species. Genetic distance analysis showed that the inter-main lineage and 
inter-sublineage distances exceed intra-main lineage and intra-sublineage values, respectively (Table 
2). Although no significant difference between genetic distances of inter-mainlineage and 
inter-sublineage was detected in 16S. However, in previous studies of ophiuroids, genetic distances 
corresponding to species differences range from approximately 2.2% to 23% for COI (Muths et al., 
2006, 2009; Boissin et al., 2008, 2011; Pérez-Portela et al., 2013; Richards et al., 2015; Sands et al., 
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2015; Taboada and Pérez-Portela, 2016). Therefore, the distances in COI (10.6%) fall within this 
range and not at the lower end of these published values. AMOVA analysis showed that there was 
no gene flow between mainlineages, but gene flows were detected between and within sublineages. 
In the molecular phylogenetic trees, although Lineage 2 was not monophyletic in a 16S tree (Fig. 4), 
concatenated gene and COI gene trees well supported the two distinct mainlineages (Figs. 2, 3). The 
specimen in Lineage 3 did not form a clade with any other specimens (Figs. 2–4). This molecular 
evidence indicates the three main lineages should be distinguished as different species. 
Based on the previous diagnosis of Asteronyx loveni (Müller and Troschel, 1842; Döderlein, 1927; 
Djakonov, 1954), all specimens from Japanese waters should be identified as A. loveni. However, 
our molecular analysis has indicated cryptic species within this group. Our morphological 
observations have revealed that specimens of Lineage 2 have a mesh-like skin (see below), which 
has never been reported in the previous descriptions of A. loveni (Müller and Troschel, 1842; Sars, 
1861; Stewart, 1861; Dujardin and Hupé, 1862; Norman, 1865; Koehler, 1897, 1899, 1922, 1924; 
Süßbach and Brechner, 1911; Matsumoto, 1917; May, 1924; Döderlein, 1927; Mortensen, 1927; H. 
L. Clark, 1941; Djakonov, 1954; Chang et al., 1962, 1964; A. M. Clark and Courtman-Stock, 1976; 
Baker, 1980; Paterson, 1985; Irimura, 1991; Liao and A. M. Clark, 1995; Fujita and Ohta, 1988; 
McKnight, 2000; Stöhr, 2005; Manso, 2010; Okanishi et al., 2011). On the other hand, Lineage 1 
lacks mesh-like thickened skin, and external characters match with those of syntypes of A. loveni 
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(Fig. 8H). Therefore, we have identified the 39 specimens of Lineage 1 (see also 3.3.5. Comparative 
material examined and Table 1) as Asteronyx loveni sensu stricto. The mesh-like skin also has never 
been reported in the other four species of Asteronyx (see Section 3.3.2). Since Lineage 2 is 
morphologically distinct from any other species of Asteronyx, we describe the specimens of Lineage 
2 as a new species. Lineage 3 while genetically a separate species, is based on a single immature 
specimen, so we refrain from describing this as a new species in this work. 
 
3.3. Taxonomy 
 
Superorder Euryophiurida O’Hara et al., 2017 
Order Euryalida Lamarck, 1816 
Family Asteronychidae Müller and Troschel, 1842 
Genus Asteronyx Müller and Troschel, 1842 
 
3.3.1. Asteronyx reticulata sp. nov. (Figs. 6–10) 
 
3.3.2. Type locality. West of Minami-Ensei Knoll, Kagoshima Prefecture, Japan, 28˚32.42‘N, 
127˚01.59‘E–28˚34.09‘N, 127˚02.39’E, 595–619 m depth. 
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3.3.3. Type material. Holotype (NSMT E-6923-A), three paratypes (NSMT E-6923-B, 6916, 6920). 
All ethanol preserved specimens, see Table 1 for detailed locality information. 
 
3.3.4. Other material examined. Sixteen specimens (NSMT E-6910, 6911, 6912, 6916, 6921, 6922-B, 
6925-A, 6925-B, 6926, 6942-B, 6987, 7000, 7001, 7002, 7003-B, 7016). All ethanol preserved, see 
Table 1 for detailed locality information. 
 
3.3.5. Comparative material examined 
Syntypes of Asteronyx luzonicus Döderlein, 1927, collected by R/V Albatross. One ethanol 
preserved specimen (NMNH E4093); St. 5621 (Makin Island, Halmahera Islands, Mollucca Sea, 
Indonesia, 15˚00.0N, 127˚24.0E) collected on 28 November, 1909, 545 m. One dry specimen 
(NMNH E4086, dissolved into ossicles); St. 5388 (Luzon Islans, Burias Passage, Cabarian Point, 
Philippines, 12˚51.30N, 123˚26.15E) collected on 11 March, 1909, 413 m. 
Syntypes of Asteronyx longifissus Döderlein 1927, collected by R/V Albatross. One ethanol 
preserved specimen (NMNH E04076); St. 4076 (off southern California, United States, 32˚32.30N, 
117˚24.0W) collected on 19 January, 1889, 620 m. One ethanol preserved specimen (NMNH 
04096); St. 2919 (Cortez Bank, Channel Islands, California, United States, 32˚17.0N, 119˚17.0W) 
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collected on 17 January, 1889, 1799 m. Thirty-one ethanol preserved specimens (NMNH E04117); 
St. 3198 (Point Conception, Santa Barbara Channel, California, United States, 34˚19.25N, 
120˚38.30W) collected on 6 April, 1890, 508 m. 
Syntypes of Asteronyx loveni Müller and Troschel, 1842 (examined from images only). One ethanol 
preserved specimen (SMNH-Type-3287); Kattegat Strait, Sweden. One ethanol preserved specimen 
(SMNH-Type-3288); off Finmmarken, Norway. One dry specimen (SMNH-Type-3732); Kattegat 
Strait, Sweden. 
Asteronyx niger Djakonov 1954, collected by R/V Vityaz. One dry specimen; St. 5640 (South east 
off Iturup Island, 44˚41.0N, 148˚570.E), 780 m, collection date unknown. 
Asteronyx loveni Müller and Troschel, 1842. Thirty-nine specimens, NSMT E-1143 (1 spm), 5637 (2 
spms), 5638 (4 spms), 5641 (5 spms), 6256 (1 spm), 6351 (1 spm), 6360 (1 spm), 6904 (12 spms), 
6943 (1 spm), 6951 (6 spms), 6982 (1 spm), 6983 (2 spm), 6986 (2 spms). All ethanol preserved 
specimens, see Table 1 for detailed locality information. 
Asteronyx sp. one ethanol specimen (NSMT E-3157), see Table 1 for detailed locality information. 
 
3.3.6. Etymology. The specific name is a Latin adjective, reticulata (meaning “reticulate”) referring 
to the mesh-like skin on the aboral disc of this new species.  
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3.3.6. Diagnosis 
Having mesh-like skin on aboral disc. 
 
3.3.7. Distribution 
East China Sea. Bathymetric range is 339–1150 m. 
 
3.3.8. Description of Holotype (NSMT E-6923-A) 
Disc diameter 13.0 mm, arm length approximately 80 mm (Fig. 6). 
Disc. Disc circular (Fig. 6). Aboral surface almost flat, but radial shields and the area 
around them tumid (Fig. 7A, B). Entirely covered by a thin skin with embedded external ossicles, 
thickened in a mesh-like pattern (Fig. 7A–C). Radial shields covered by skin and external ossicles, 
oblong, approximately 6 mm long and 0.5 mm wide, almost reaching the center of the disc (Fig. 7B). 
Oral surface of disc entirely covered by skin without external ossicles (Fig. 7D). 
Spear-head-shaped teeth scattered on dental plate. Each side of jaw covered by slightly acute, domed 
granule-shaped oral papillae (Fig. 7E, F). Oral shields on oral interradius triangular, one of them 
enlarged as madreporite; adoral shields oblong, slightly wider than long (Fig. 7E). 
Oral interradial surface of disc entirely covered by skin (Fig. 7G), with several 
granule-shaped external ossicles, approximately 0.1–0.15 mm (Fig. 7H). Two genital slits (1 mm 
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long and 0.25 mm wide) present on oral side of each interradius (Fig. 8A). 
Gonads well developed and, when dried, 10–16 gonads visible on each interradius in both 
oral and aboral views respectively (Fig. 7B, D). 
Arms. Arms simple, five in number, no abrupt change in width near the proximal arm (Fig. 
7D). Width and length of all arms almost the same, proximal portion of the arm 1.2–1.5 mm wide, 
with an arched aboral surface and flattened oral surface (Fig. 8B, C, E). Arms tapering gradually 
toward the arm tip (Fig. 8E). 
Arms entirely covered by naked skin, without any external ossicles (Fig. 8B, C, E). First to 
third tentacle pores lacking arm spines; 4th to 6th pores with one or two arm spines (Fig. 8D) and 
following tentacle pores with 5 to 7 arm spines (Fig. 8E, G). Arm spines on proximal third of arm 
acute, cylindrical, carrying three to five minute secondary teeth, gradually increasing in length from 
approximately half to two-thirds length of corresponding arm segment (Fig. 8D, F). On middle third 
of arm, length of all arm spines decreasing to approximately half length of corresponding arm 
segment, (Fig. 8E). On distal third of arm, arm spines half length of corresponding arm segment (Fig. 
8G). Except for the cylindrical arm spines on proximal third of arms, all arm spines transforming 
into hooks without any secondary tooth (Fig. 8G). All tentacle pores lacking a sheath around the 
cylindrical, narrow tube feet (Fig. 8D, E). 
Lateral and ventral arm plates completely concealed by thick skin and invisible (Fig. 8D, E, 
AC
CE
PT
ED
 M
AN
US
CR
IPT
 21 / 50 
 
G). 
Color. In living states, entirely whitish orange, dark orange on central disc. In alcohol, on 
disc, radial shields and oral side white and the other parts pale cream. Tentacles deep purple. Gonads 
bicolor, white and pale cream. Other body parts entirely white (Figs. 7, 8A–G). 
 
3.3.9. Ossicle morphology of a paratype (NSMT E-6920) 
Lateral furrow of vertebrae oblique from aboral proximal edge to oral distal edge (Fig. 9C, G). 
Several small knobs on lateral furrow on basal vertebrae (Fig. 9C). Throughout the arms, oral side of 
each arm vertebra with a longitudinal groove along midline, no oral bridge formed to surround the 
radial water vessel and nerve (Fig. 9A, B, E, F). 
Arm spines hook-shaped (Fig. 10A–C). Inner side of basal arm spines bearing a secondary 
tooth (Fig. 10A). 
Lateral arm plates associated with four arm spines; each articulation of arm spines bearing 
one muscle opening (Fig. 10D, F). Nerve opening delineated from stereom. The openings and their 
surrounds projected and more pronounced in distal part of arms (Fig. 10F, G). A perforation on inner 
side of each lateral arm plate (Fig. 10E, G). 
 
3.3.10. Variations 
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The inner most arm spines of two arms are elongated and twice to three times larger than 
the other arm spines in NSMT E-6921, E-6922-B, E-6925-A, E-6925-B, E-6942-B, E-6987, E-7000, 
E-7001, E-7002 and E-7003-B, whereas those of the holotype (NSMT E-6923-A) and paratypes 
(NSMT E-6916, E-6920) and other specimens (NSMT E-6352, E-6910, E-6911, E-6926 and 
E-7016) are not elongated. Disc diameter of the specimens with the elongated arm spines is ca. 
6.0–14.0 mm, widely overlapping with that of the specimens without those spines (4.0–13.0 mm). 
The maximum numbers of arm spines of corresponding tentacle pore are three to six. Number of oral 
papillae on a side of a jaw varies from two to ten. 
 
3.3.11. Remarks 
 The new species falls within Asteronyx by virtue of having simple arms, hook-shaped arm 
spines, gonads restricted to the disc, oral papillae covering the side of the jaws and no hooklets on 
the aboral side of the body. Asteronyx currently comprises five species, A. loveni Müller and 
Troschel, 1842; A. lymani Verrill, 1899; A. longifissus Döderlein, 1927, A. luzonicus Döderlein, 1927 
and A. niger Djakonov, 1954. In this study, features of aboral disc surface, and position and length of 
genital slit appeared to be important characters to distinguish six species of Asteronyx including 
Asteronyx reticulata sp. nov. However, no description of the aboral disc surface was provided for the 
original description of A. luzonicus (Döderlein, 1927), and shapes of genital slits were not described 
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in the original description of A. niger (Djakonov, 1954). Based on the morphological comparison of 
syntypes of A. loveni, A. luzonicus, A. longifissus and a topotype of A. niger, and on original 
description of A. lymani (Verrill, 1899), we could confirm these important external features of these 
five species. 
The present new species is distinguished from its congeners as follows: A. reticulata sp. 
nov. has mesh-like skin on its aboral disc, which is absent from the skin of the aboral disc in the 
other five species of Asteronyx (e.g. Fig. 8H). Genital slits are short, approximately one-fifth length 
of lateral height of the interradial oral disc, and situated at the innermost position of interradial oral 
disc in A. reticulata sp. nov., A loveni, A. luzonicus A. lymani and A. niger but those of A longifissus 
are approximately half of the height of the interradial oral disc and situated at the outer most position 
of the interradial oral disc. 
 
4. Discussion 
 
4.1. Taxonomy of Asteronyx 
 
Molecular phylogenetic trees based on concatenated 16S and COI genes (24 specimens), 
and COI gene (24 specimens) detected three mainlineages (Lineage 1–3) in Asteronyx loveni, and 
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two (Lin 1A, 1B) and three sublineages (Lin 2A–C) were also detected in Lineage 1 and 2, 
respectively (Figs. 2, 3). On the other hand, tree based on 16S gene (68 specimens) detected two 
main lineages (Lineage 1 and 3), but three sublineages of Lineage 2 appeared to be paraphyletic (Fig. 
4). Two sublineages (Lin 1A and 1B) were also included in Lineage 1 in 16S tree (Fig. 4). This 
difference may result from the smaller substitution rate of 16S than COI (e.g. Palumbi, 1996). In the 
previous molecular phylogenetic analysis of euryalid ophiuroids, an increased number of genes 
revealed a more accurate phylogeny (Okanishi and Fujita, 2013). Therefore, in this study, we 
emphasize the result of the concatenated 16S and COI analysis. In the genetic distance analysis, 
although significant differences were not detected between inter-mainlineage and inter-sublineage 
distances, we did detect a significant difference between them (Table 2). Also, our AMOVA analysis 
detected gene flow, not between the main lineages, but between and within sublineages (Table 3). 
These results indicate that the main lineages should be assigned to species-level. 
In conjunction with the morphological observations in this study and previous works (e.g. 
Paterson, 1985; Okanishi et al., 2011), we have assigned Lineage 1 as Asteronyx loveni and Lineage 
2 as Asteronyx reticulata sp. nov. Our molecular phylogenetic tree indicated that Lineage 3 should be 
assigned to another species. Our morphological observation of the single specimen of Lineage 3 
(237_PSW), shows features intermediate between A. loveni and A. longifissus: genital slits are in the 
intermediate position between inner and outer most sites of the interradial oral disc. Therefore, this 
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lineage is potentially an undescribed species of Asteronyx but we refrain from describing it here, 
because we only have one juvenile specimen (d.d. 8 mm). Further molecular phylogenetic and 
morphological studies based on more specimens will lead to the formal description of this species. 
The two sublineages of Lineage 1 and three sublineages of Lineage 2 might be assigned to 
subspecies because gene flows can be detected between them. Although we could detect no 
geographical differentiation between Lin 1A and 1B, bathymetric zonation was detected for Lin 2A, 
Lin 2B and Lin 2C (Fig. 4B). This suggest that differences in water depth might cause subspecies 
level speciation of the three sublineages. However, no morphological differences were observed 
between specimens of the sublineages in this study. 
The most distinctive diagnostic character of A. reticulata sp. nov. was the textured pattern 
of its skin. Almost all previous descriptions of Asteronyx did not give detailed description of the skin. 
Our study has detected the utility of these “overlooked” characters. Therefore, as already shown in 
coastal species (Muths et al., 2006, 2009, 2010), reassessment of molecular and morphological 
works may provide new insight in taxonomy of deep-sea ophiuroids like Asteronyx. 
 In our molecular analysis, the relationships of the outgroup (Astrodia abyssicola) and the 
three main lineages of Asteronyx were unresolved (Figs. 2–4). This result might require a genus-level 
revision of the two genera of Asteronychidae. A molecular phylogeny covering as many species as 
possible will be required to revise this. 
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4.2. Phylogeography and biological notes on Asteronyx in Japanese deep sea 
 
In Japanese waters, this study and previous records showed that Asteronyx loveni is widely 
distributed in the Pacific area of Japan, from northern Hokkaido to western Okinawa, including the 
East China Sea (Okanishi, 2017), while A. reticulata is distributed in the East China Sea (Fig. 2, 
Table 1). The bathymetric range of A. loveni is from 151 to 1980 m (H. L. Clark, 1911; Matsumoto, 
1917; Fujita and Ohta, 1988; Irimura, 1991; Okanishi et al., 2011; Okanishi, 2017), and that of A. 
reticulata is 342 to 1150 m. The geographical and bathymetric distribution of A. reticulata overlaps 
with that of A. loveni around Japan, but is more restricted. All previous descriptions of A. loveni 
from all over the world did not show any morphological characters of A. reticulata. Therefore, A. 
loveni might be a cosmopolitan species and A. reticulata might be endemic to Japan. 
The National Museum of Nature and Science carried out a comprehensive deep-sea 
taxonomic survey in the Sea of Japan (Fujita, 2014; NSMT, 2014) and many other surveys have also 
been conducted there. However, no Asteronyx loveni have been collected in the Sea of Japan to date, 
although some other euryalid ophiuroids, Astrochele laevis H. L. Clark, 1911, Astrocladus coniferus 
(Döderlein, 1902), Astrothrombus chrisanthi Matsumoto, 1918, Gorgonocepahlus eucnemis (Müller 
and Trochel, 1842), and G. tuberosus Döderlein, 1902 can be found there (Fujita and Kohtsuka, 
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2003; Fujita et al., 2014). Unfortunately, little is known about the larvae and dispersal abilities of 
Asteronyx, but A. loveni might lack the ability to pass the Tsushima Straits which is the southern 
entrance gate to the Sea of Japan (e.g. Nishimura, 1981). The deepest point of Tsushima Strait (ca. 
140 m) is shallower than the shallowest record (151 m) of A. loveni around Japan. However, lack of 
A. loveni in the Sea of Japan may also be due to lack of the host cnidarians (The known host species 
of A. loveni around Japan, Radicipes pleurocristatus Stearns, 1883 and Funiculina quadrangularis) 
in the Sea of Japan (Yukimitsu Imahara, pers. comm.). 
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Figure legends 
 
Figure 1. Map of sampling sites for Asteronyx loveni examined in this study (circles). Abbreviations: 
ECS=East China Sea; PK=Pacific Area, off Kochi; PM=Pacific Area, off Mie; PSW=Pacific Area, 
South West of Japan; PT=Pacific Area, off Tohoku; OK=Okhotsk Sea. 
 
Figure 2. Maximum likelihood tree of concatenated COI and 16S sequences. Bootstrap supports 
(1,000 replications, right) and Baysian posterior probabilities (3,000,000 generations, left) are 
shown on the branches. Locality data of each samples are represented on the map, with the 
numbers of specimens indicated at each location. 
 
Figure 3. Maximum likelihood tree of COI sequence. Bootstrap supports (1,000 replications, right) 
and Baysian posterior probabilities (3,000,000 generations, left) are shown on the branches. 
 
Figure 4. Maximum likelihood tree of 16S sequence (A) and depth distribution of each sublineage 
(B) based on 68 specimens. Bootstrap supports (1,000 replications, right) and Baysian posterior 
probabilities (3,000,000 generations, left) are shown on the branches. 
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Figure 5. Median-joining haplotype networks based on COI (A) and 16S (B) sequences. The circle 
size is proportional to the frequency of haplotypes. Black circles represent missing haplotypes. 
Each line represents a single mutation step, otherwise step numbers are indicated. Abbreviations: 
ECS=East China Sea; PK=Pacific Area, off Kochi; PM=Pacific Area, off Mie; PSW=Pacific Area, 
South West of Japan; PT=Pacific Area, off Tohoku; OK=Okhotsk Sea. 
 
Figure 6. Asteronyx reticulata sp. nov., holotype (NSMT E-6923-A), two arms were cut for 
molecular analysis. (A) aboral body. (B) oral body. 
 
Figure 7. Asteronyx reticulata sp. nov., holotype (NSMT E-6923-A). (A) aboral periphery of disc, 
between a pair of radial shields. (B) aboral periphery of disc, a black square is enlarged in C. (C) 
aboral peripheral disc, on a radial shield, mesh-like skin is illustrated in orange. (D) oral disc and 
proximal portion of arms. (E) enlarged view of oral area of disc and proximal portion of arm. (F) 
jaws, arcs indicate oral papillae. (G) oral interradial disc. (H) an enlarged image of part of G, 
black arrows indicate embedded external ossicles. Abbreviations: AS=adoral shield; G=gonad; 
GS=genial slit; OP=oral plate; OS=oral shield; Tc=tentacles; Te=teeth; TP=tentacle pore. 
 
Figure 8. Asteronyx reticulata sp. nov., holotype (NSMT E-6923-A) (A–G) and a syntype of 
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Asteronyx loveni (SMNH-Type-3732, image courtesy of Sabine Stöhr) (H). (A) genital slits, white 
arrows indicate genital papillae. (B) aboral basal portion of arm. (C) aboral distal portion of arm. 
(D) oral proximal portion of arm. (E) oral middle portion of arm. (F) arm spines on basal portion 
of arm, black arrows indicate secondary teeth. (G) arm spines on distal portion of arms. (H) aboral 
periphery of disc, black arrows indicate scattered external ossicles. Abbreviations: AS=arm spine; 
Tc=tentacle. 
 
Figure 9. Asteronyx reticulata sp. nov., paratype (NSMT E-6920), SEM photographs of vertebrae 
from proximal (A–D) and distal arms (E–H). (A, E) basal views. (B, F) distal views. (C, G) lateral 
views, arrow heads indicate knobs on lateral furrows (C). (D, H) oral views. Abbreviations: 
IT=inner tooth; LF=lateral furrow. Arrows indicate the orientation: ab=aboral side, ba=basal side; 
dis=distal side; o=oral side. 
 
Figure 10. Asteronyx reticulata sp. nov., holotype (NSMT E-6920), SEM photographs. (A–C) arm 
spines from basal (inner, A, outer, B) and distal (inner, C) portions of arm. (D–G) lateral arm 
plates from basal (external, D and inner, E, surfaces), and distal (external, F and inner, G, 
surfaces) portions of arm. Arrow heads indicate muscle openings. Abbreviations: P=perforation of 
inner side.
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Table 1. Specimen data for Asteronyx species and Astrodia abyssicola specimens examined for the present study. NSMT = Catalogue number prefix for the National Museum of Nature and Science, 
Tsukuba. 16S and COI accession numbers are lodged at the DNA Data Bank of Japan. 
Individual 
code 
Area 
code 
Species 
  
Catalogue. number Locality Depth 
(m) 
Date of 
sampling 
Vessel 16S COI 
226 OK Asteronyx   loveni NSMT E-6904 A Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276316  
315 OK Asteronyx   loveni NSMT E-6904 B Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276354  
256 OK Asteronyx   loveni NSMT E-6904 C Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276330 
LC 
276289 
257 OK Asteronyx   loveni NSMT E-6904 G Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276331 
LC 
276290 
227 OK Asteronyx   loveni NSMT E-6904 H Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276317 
LC 
276282 
339 OK Asteronyx   loveni NSMT E-6904 I Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276359  
295 OK Asteronyx   loveni NSMT E-6904 J Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276350  
258 OK Asteronyx   loveni NSMT E-6904 K Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276332  
337 OK Asteronyx   loveni NSMT E-6904 L Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276358  
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262 OK Asteronyx   loveni NSMT E-6904 R Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276334  
314 OK Asteronyx   loveni NSMT E-6904 S Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276353  
261 OK Asteronyx   loveni NSMT E-6904 T Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/12 Fishery boat 
Mantai-Maru 
LC 
276333  
281 OK Asteronyx   loveni NSMT E-6951 B Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/30 Fishery boat 
Mantai-Maru 
LC 
276343  
269 OK Asteronyx   loveni NSMT E-6951 C Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/30 Fishery boat 
Mantai-Maru 
LC 
276337 
LC 
276292 
284 OK Asteronyx   loveni NSMT E-6951 D Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/30 Fishery boat 
Mantai-Maru 
LC 
276344  
268 OK Asteronyx   loveni NSMT E-6951 F Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/30 Fishery boat 
Mantai-Maru 
LC 
276336  
279 OK Asteronyx   loveni NSMT E-6951 G Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/30 Fishery boat 
Mantai-Maru 
LC 
276341  
267 OK Asteronyx   loveni NSMT E-6951 H Off Abashiri, Hokkaido 
45˚10.N, 144˚30.E. 
ca. 1000 2009/4/30 Fishery boat 
Mantai-Maru 
LC 
276335 
LC 
276291 
253 PT Asteronyx   loveni NSMT E-6943 A Off Miyako, Iwate 
40˚00.07’N, 142˚48.06’E. 
1143–114
5 
2009/8/7 R/V Soyo-Maru LC 
276329 
LC 
276288 
41 PT Asteronyx   loveni NSMT E-6256  Off Miyako, Iwate 
39˚41.00’N, 142˚12.09’E. 
216 2007/8/6 R/V Soyo-Maru AB 
605076 
AB 
758757 
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238 PT Asteronyx   loveni NSMT E-5641 A Off Miyako, Iwate 
39˚33.44’N, 142˚51.27’E.-39˚33.61’N, 142˚53.31’E. 
ca. 1500 2007/10/16 R/V Wakataka-Maru LC 
276320 
LC 
276284 
239 PT Asteronyx   loveni NSMT E-5641 B Off Miyako, Iwate 
39˚33.44’N, 142˚51.27’E.-39˚33.61’N, 142˚53.31’E. 
ca. 1500 2007/10/16 R/V Wakataka-Maru LC 
276321 
LC 
276285 
240 PT Asteronyx   loveni NSMT E-5641 C Off Miyako, Iwate 
39˚33.44’N, 142˚51.27’E.-39˚33.61’N, 142˚53.31’E. 
ca. 1500 2007/10/16 R/V Wakataka-Maru LC 
276322  
241 PT Asteronyx   loveni NSMT E-5641 D Off Miyako, Iwate 
39˚33.44’N, 142˚51.27’E.-39˚33.61’N, 142˚53.31’E. 
ca. 1500 2007/10/16 R/V Wakataka-Maru LC 
276323 
LC 
276286 
242 PT Asteronyx   loveni NSMT E-5641 E Off Miyako, Iwate 
39˚33.44’N, 142˚51.27’E.-39˚33.61’N, 142˚53.31’E. 
ca. 1500 2007/10/16 R/V Wakataka-Maru LC 
276324  
213 PT Asteronyx   loveni NSMT E-5638 A Off Miyako, Iwate 
39˚20.19’N, 142˚51.39’E.-39˚19.22’N, 142˚49.17’E. 
1737–170
9 
2007/11/6 R/V Tansei-Maru LC 
276308 
LC 
276278 
306 PT Asteronyx   loveni NSMT E-5638 B Off Miyako, Iwate 
39˚20.19’N, 142˚51.39’E.-39˚19.22’N, 142˚49.17’E. 
1737–170
9 
2007/11/6 R/V Tansei-Maru LC 
276352  
323 PT Asteronyx   loveni NSMT E-5638 D Off Miyako, Iwate 
39˚20.19’N, 142˚51.39’E.-39˚19.22’N, 142˚49.17’E. 
1737–170
9 
2007/11/6 R/V Tansei-Maru LC 
276357  
320 PT Asteronyx   loveni NSMT E-5638 E Off Miyako, Iwate 
39˚20.19’N, 142˚51.39’E.-39˚19.22’N, 142˚49.17’E. 
1737–170
9 
2007/11/6 R/V Tansei-Maru LC 
276356  
215 PT Asteronyx   loveni NSMT E-5637 A Off Miyako, Iwate 
39˚20.08’N, 142˚51.06’E.-39˚19.23’N, 142˚49.05’E. 
1733–170
0 
2007/11/9 R/V Tansei-Maru LC 
276310  
220 PT Asteronyx   loveni NSMT E-5637 B Off Miyako, Iwate 
39˚20.08’N, 142˚51.06’E.-39˚19.23’N, 142˚49.05’E. 
1733–170
0 
2007/11/9 R/V Tansei-Maru LC 
276314 
LC 
276281 
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199 PM Asteronyx   loveni NSMT E-6360  Shima Spur, Mie 
34˚00.50’N, 136˚53.47’E.-34˚01.25’N, 136˚51.48’E. 
805–852 2008/3/4 R/V Tansei-Maru LC 
276302  
218 PM Asteronyx   loveni NSMT E-6983  Shima Spur, Mie 
34˚00.42’N, 136˚53.16’E.-34˚01.33’N, 136˚52.59’E. 
781–789 2008/3/4 R/V Tansei-Maru LC 
276312 
LC 
276280 
290 PM Asteronyx   loveni NSMT E-6983  Shima Spur, Mie 
34˚00.42’N, 136˚53.16’E.-34˚01.33’N, 136˚52.59’E. 
781–789 2008/3/4 R/V Tansei-Maru LC 
276347  
214 PM Asteronyx   loveni NSMT E-6982  Shima Spur, Mie 
34˚00.36’N, 136˚52.45’E.-33˚59.02’N, 136˚52.45’E. 
780–818 2005/11/24 R/V Tansei-Maru LC 
276309  
231 PK Asteronyx   loveni NSMT E-1143 A Off Tosa, Kochi 714 1974/07/24 R/V Hakuho-Maru LC 
276318  
316 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6912  East of Hiraji Bank, Nagasaki 
32˚14.31’N, 129˚28.43’E.-32˚14.49’N, 129˚30.26’E. 
415–419 2009/11/18 T/S Nagasaki-Maru LC 
276355  
272 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6915  East of Hiraji Bank, Nagasaki 
32˚14.31’N, 129˚28.43’E.-32˚14.49’N, 129˚30.26’E. 
415–419 2009/11/18 T/S Nagasaki-Maru LC 
276338  
198 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-7016  East of Hiraji Bank, Nagasaki 
32˚14.31’N, 129˚28.43’E.-32˚14.49’N, 129˚30.26’E. 
415–419 2009/11/18 T/S Nagasaki-Maru LC 
276301  
190 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6908 C East of Naka-Kasayama Bank, Nagasaki 
32˚12.31’N, 128˚56.38’E.-32˚12.41’N, 128˚59.09’E. 
380–386 2009/11/22 T/S Nagasaki-Maru LC 
276293  
193 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6908 D East of Naka-Kasayama Bank, Nagasaki 
32˚12.31’N, 128˚56.38’E.-32˚12.41’N, 128˚59.09’E. 
380–386 2009/11/22 T/S Nagasaki-Maru LC 
276296   
LC 
276271 
217 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6931  East of Naka-Kasayama Bank 
32˚12.31’N, 128˚56.38’E.-32˚12.41’N, 128˚59.09’E. 
380–386 2009/11/22 T/S Nagasaki-Maru LC 
276311 
LC 
276279 
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204 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6354  West of Gajajima Isl. Kagoshima 
30˚10.21’N, 127˚51.33’E. 
342 2008/12/2 T/S Nagasaki-Maru LC 
276305  
197 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6910  East of Hiraji Bank, Nagasaki 
32˚09.01’N, 129˚30.15’E.-32˚09.02’N, 129˚31.48’E. 
496–499 2009/11/22 T/S Nagasaki-Maru LC 
276300  
191 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6911  East of Hiraji Bank, Nagasaki 
32˚09.01’N, 129˚30.15’E.-32˚09.02’N, 129˚31.48’E. 
496–499 2009/11/22 T/S Nagasaki-Maru LC 
276294  
280 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6926  East of Hiraji Bank, Kagoshima 
32˚09.01’N, 129˚30.15’E.-32˚09.02’N, 129˚31.48’E. 
496–499 2009/11/22 T/S Nagasaki-Maru LC 
276342  
203 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6929  East of Hiraji Bank, Kagoshima 
32˚09.01’N, 129˚30.15’E.-32˚09.02’N, 129˚31.48’E. 
496–499 2009/11/22 T/S Nagasaki-Maru LC 
276304  
196 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6355  West off Takarajima Isl. 
29˚11.47’N, 128˚06.48’E. 
1150 2008/12/2 T/S Nagasaki-Maru LC 
276299 
LC 
276274 
243 ECS Asteronyx   loveni NSMT E-6351 A West of Amami Ohshima Isl., Kagoshima 
28˚45.58’N, 127˚19.30’E. 
976 2008/12/1 T/S Nagasaki-Maru LC 
276325  
274 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6942 B West of Amami Ohshima Isl., Kagoshima 
28˚40.16’N, 127˚06.11’E. 
747 2005/5/13 R/V Hakuho-Maru LC 
276339  
294 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6921  West of Ensei Knoll, Kagoshima 
28˚38.53’N, 127˚03.59’E.-28˚40.21’N, 127˚04.13’E. 
657–678 2009/11/20 T/S Nagasaki-Maru LC 
276349  
249 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6922 A West of Ensei Knoll, Kagoshima 
28˚38.53’N, 127˚03.59’E.-28˚40.21’N, 127˚04.13’E. 
657–678 2009/11/20 T/S Nagasaki-Maru LC 
276328 
LC 
276287 
247 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6925 A West of Ensei Knoll, Kagoshima 
28˚35.43’N, 127˚04.02’E.-28˚37.19’N, 127˚04.12’E. 
706–719 2009/11/20 T/S Nagasaki-Maru LC 
276326  
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248 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6925 B West of Ensei Knoll, Kagoshima 
28˚35.43’N, 127˚04.02’E.-28˚37.19’N, 127˚04.12’E. 
706–719 2009/11/20 T/S Nagasaki-Maru LC 
276327  
205 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-7001  East China Sea, West of Japan 
28˚32.46’N, 127˚02.13’E. 
636 2011/11/17 T/S Nagasaki-Maru LC 
276306 
LC 
276276 
206 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-7002  East China Sea, West of Japan 
28˚32.46’N, 127˚02.13’E. 
636 2011/11/17 T/S Nagasaki-Maru LC 
276307 
LC 
276277 
223 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6352  Off Amami Ohshima Isl. Kagoshima 
28˚32.43’N, 127˚02.06’E. 
616 2008/12/1 T/S Nagasaki-Maru LC 
276315  
286 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6916  West of Minami-Ensei Knoll, Kagoshima 
28˚32.42’N, 127˚01.59’E.-28˚34.09’N, 127˚02.39’E. 
595–619 2009/11/19 T/S Nagasaki-Maru LC 
276345  
278 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6923 A West of Minami-Ensei Knoll, Kagoshima 
28˚32.42’N, 127˚01.59’E.-28˚34.09’N, 127˚02.39’E. 
595–619 2009/11/19 T/S Nagasaki-Maru LC 
276340  
202 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6923 B West of Minami-Ensei Knoll, Kagoshima 
28˚32.42’N, 127˚01.59’E.-28˚34.09’N, 127˚02.39’E. 
595–619 2009/11/19 T/S Nagasaki-Maru LC 
276303 
LC 
276275 
303 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-7003 A East China Sea, West of Japan 
28˚32.36’N, 127˚02.05’E. 
631 2011/11/17 T/S Nagasaki-Maru LC 
276351  
288 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-7003 B East China Sea, West of Japan 
28˚32.36’N, 127˚02.05’E. 
631 2011/11/17 T/S Nagasaki-Maru LC 
276346  
291 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-7000 A East China Sea, West of Japan 
28˚32.25’N, 127˚01.54’E. 
614 2011/11/17 T/S Nagasaki-Maru LC 
276348  
192 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6920  West of Minami-Ensei Knoll, Kagoshima 
28˚31.22’N, 126˚57.43’E.-28˚33.02’N, 126˚57.54’E. 
339–342 2009/11/22 T/S Nagasaki-Maru LC 
276295 
LC 
276270 
AC
CE
PT
ED
 M
A
US
CR
IPT
 49 / 50 
 
219 ECS Asteronyx   reticulata 
sp. nov. 
NSMT E-6987  Off Iejima Isl., Okinawa 
26˚55.32’N, 127˚38.32’E. 
630 2011/5/24 Fishry boat 
Koh-fuku-Maru 
LC 
276313  
195 ECS Asteronyx   loveni NSMT E-6986 A East China Sea, West of Japan 
26˚56.18’N, 127˚37.00’E. 
648 2011/6/1 Fishry boat 
Koh-fuku-Maru 
LC 
276298 
LC 
276273 
194 ECS Asteronyx   loveni NSMT E-6986 C East China Sea, West of Japan 
26˚56.18’N, 127˚37.00’E. 
648 2011/6/1 Fishry boat 
Koh-fuku-Maru 
LC 
276297 
LC 
276272 
237 PSW Asteronyx   sp. NSMT E-3157 B Between Yakushima Isl and Tanegashima Isl., Kagoshima  
29˚50.20’N, 130˚57.60’E. 
1605–164
0 
1992/02/17 R/V Tansei-Maru LC 
276319 
LC 
276283 
42 PT Astrodia abyssicolla NSMT E-6257 
  
Off Onahama, Miyagi 
36˚57.01’N, 142˚39.09’E. 
4123–409
4 
2007/8/7 R/V Soyo-Maru AB 
605077 
AB 
758827 
 
 
AC
CE
PT
ED
 M
A
US
CR
IPT
 50 / 50 
 
Table 2. Intra-sublineage and inter-sublineage genetic distances (mean±standard error) in 
16S and COI markers. Genetic distance was based on Kimura 2-Parameters model. 
Numbers in brackets are the intra-sublineage variation. “N” means number of specimens. 
16S Lin 1A Lin 1B Lin 2B Lin 2C 
Lin 1A (N=36) (0) 
   Lin 1B (N=3) 0.050±0.009 (0)
  Lin 2B (N=14) 0.046±0.008 0.058±0.010 (0.005)
 Lin 2C (N=13) 0.060±0.010 0.060±0.012 0.031±0.008 (0.002)
COI Lin 1A Lin 1B Lin 2B Lin 2C 
Lin 1A (N=13) (0.002) 
   Lin 1B (N=2) 0.056±0.013 (0.001)
  Lin 2B (N=4) 0.101±0.012 0.130±0.014 (0.0007)
 Lin 2C (N=3) 0.097±0.013 0.119±0.013 0.068±0.010 (0.014)
 
 
Table 3. AMOVA results obtained for Japanese Asteronyx loveni populations used in this study for 16S 
and COI markers respectively. “d.f.” means degrees of freedom. “*” means p<0.001. 
16S d.f. 
Sum of 
squares 
Fixation 
index 
Variance 
components 
% of 
variation P-value 
Among mainlineages 2 301.075 0.335 3.756 33.47 0.055 
Among sublineages within 
mainlineages 3 150.571 0.936 6.989 62.28 0.000* 
Within sublineages 64 30.511 0.958 0.477 4.25 0.000* 
COI d.f. 
Sum of 
squares 
Fixation 
index 
Variance 
components 
% of 
variation P-value 
Among mainlineages 2 2.149 -0.051 -0.027 -5.13 0.592 
Among sublineages within 
mainlineages 3 2.804 0.471 0.258 49.52 0.0001* 
Within sublineages 18 5.214 0.444 0.290 55.61 0.000* 
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